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ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
12 May 1982 
Mr. Bijan Amini 
Senior Vice President 
Gulf Interstate 
1233 West Loop South 
P. 0. Box 56288 
Houston, TX 77027 
Atlanta. Georgia 30332 
I 
Subject: Monthly Contract Technical Status Report No.~ 
Gentlemen: 
"Buried Pipe Detection" Project No. A3065, Covering 
the Period of April 1982 
This monthly status report indicates the activities on the Buried 
Pipe Detection project for the month of April, 1982. The major 
activities during April consisted of a demonstration in Houston, 
Texas with the void detection radar, the layout design and start 
of the single antenna system mounted in a pickup truck and 
continued design and construction of the tri-static detection and 
tracking system. The expenditure curve for the month of March is 
included in this report. 
Void Detection Radar 
The void detection radar was reassembled and made operational for 
a demonstration at Houston on April 19, 1982. A few small modi-
fications were necessary to the void detection radar to make 
ready for the demonstration. The GSSI strip recorder was inter-
faced to the radar. To interface, it was necessary to synchro-
nize the recorder to the radar which required an external alock 
and timing circuit to be designed and integrated with the 
system. Power supply cables and an antenna cable were also re-
built. The system was made operational and then torn down and 
packaged for shipment to Houston. The radar equipment was sent 
to Houston by small plane. Concrete slabs necessary for the 
measurement demonstration were transported to Houston via 
truck. The demonstration took place on April 19. Afterwards the 
equipment was disasembled and returned to Georgia Tech. 




Truck Mounted Single Antenna Pipe Tracking System 
12 May 1982 
The single .. antenna pipe tracking system, which previously had 
been mounted on a small electric garden tractor, was disassembled 
and made ready to be mounted on a four-wheel drive pickup 
truck. A layout design was completed which determined the place-
ment and mounting of the various components of the system. Com-
ponents such as the Apple Computer, printer and signal condition-
ing unit were shock-mounted to withstand road shock and vibra-
tion. The GSSI equipment, power supplies and other miscellaneous 
equipment will be hard-mounted. All components will be strapped 
in place for minimum movement. The antenna will be mounted on 
pivot arms off the rear of the truck. Vertical raising and 
lowering of the antenna is con trolled by a winch. The!· antenna 
platform is designed such that the antenna is only mounted on the 
platform during measurement taking conditions. During vehicle 
transport the antenna should be removed from the platform. 
Approximately 80% of the construction was completed for instal-
ling the single antenna system on the pickup. The remaining 
construction and assembly will be completed early in May. 
Tri-Static System 
A hardware design review was held on April 6 for the signal con-
ditioning unit and the tri-static control unit. The design of 
the two units was presented. Minor changes to the units resulted 
from the design review and a go-ahead was given to start con-
struction. The two units will be packaged within the same 
chassis, known as the Data Acquisition Module. Digital board No. 
1 for the signal conditioning unit and the digital board for the 
tri-static control unit were built. The control panel for the 
data acquisition module has been fabricated. The analog board 
has been started. Completion of the analog board, digital board 
No. 2, and assembly of the control panel should be completed in 
May. 
A software design review was held on April 28, 1982. The top 
level software hierarchy diagrams were presented and discussed. 
It became apparent that detail was insufficient for a design 
review and so the design review was re-scheduled for May 19. 
The receiver sampler breadboard was constructed. The receiver is 
working but testing is still in progress. The gain switch 
circuit was constructed and is presently being tested. 
Progress Report 
A3065 
3 12 May 1982 
The testing of the breadboard transmitter was completed. Test 
data indicates that the power output for the breadboard is ap-
proximately 180 watts. The pin diode circuit used in the trans-
mitter design switching speed looks good. Design of the three 
transmitters to be used in the tri-static system was started -
packaging and interfacing are major considerations. 
General 
The funding expenditure for the month of March is shown in 
Table 1. Table 1 also includes total dollars spent. The sched-
ule for the tri-static buried pipe system is included. Presently 
this effort is approximately one month behind schedule. The void 
detection radar demonstration is the primary reason for schedule 
alterations. 
Respectfully, 
W. JJ. Stein~ay 1 
Project Director 
Approved: 







Expenditures for March 
March 
Personal Services 24731 
Materials & Supplies 2667 
Travel 1188 
Total 52905 









BURIED PIPE DETECTION - PROJECT A-3065 
Months ~fter Contract Award 
TASKS 
Total 
F M A M J J A s Cost 
Task I - Construct & Tune 3 '":ll ~ -~ 54332 '~ 
Antennas 
1. Purchase Materials ~ 
2. Cut & Assemble 3 Struc- ~ ~ 
tures 
!~-L. l::l. 3. Tune Antennas 
4. Fiberglass Antennas J---6 cr~ 
Task II - Tri-Static ~ 
/' 36360 '-·-
Control Unit Design, 
Construct & Test 
1. Define Requirements & ~-A 
Interface to Existing 
Equipment ·--A 2. Control Unit Design 3. Ordering of Parts ~ tAl. 
4. Construction of Control ·~· l 
Unit 







Q Task Start ~ Task Duration ~ Task End or Major Milestone 
TASKS 
~ask III A Design, Con-
struct & Test 3 Receivers 
1. Define Receiver Specs. 
2. Receiver Design 
3. Parts Ordering 
4. Breadboard Receiver Con-
struction & Test 
5. Construct 3 Receivers 
6. Testing of 3 Receivers 
Tast III B - Design, Con-
struct & Test 3 Transmitters 
1. Define Transmitter Specs. 
2. Transmitter Design 
3. Parts Ordering 
4. Breadboard Transmitter Con-
struction & Test 
5. Construct 3 Transmitters 
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0 Task Start ~ Task Duration 
BURIED PIPE DETECTION - PROJECT A-3065 
Months After Contract Award 
A M J J A s Total 
Cost 
68873 
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BURIED PIPE DETECTION - PROJECT A-3065 
Montha After Contract Award 
TASKS 
Total 
F M A M J J A s Cost 
Task IV - Signal Processing ~~ ·---· ·----- J 34502 ,_ 
Software Development 
1. Define Software Require- :~- 1;:.. 
ments & Architecture 
0-2. Nodule Design 0 ---!:l 
3. Code Hodules 0·-· ~ o-~ 
4. Test Nodules w/Test Data 0-- L ()--- ~ 
5. Test w/System J-- I L...-
Task V - Design, Construct ~1~-- i, 76220 
& Test Signal Conditioning 
& Control Unit 
1. Signal Conditioning & ~-----.J 
Control Unit Design 
~ 2. Ordering of Parts 
3. Construction of Unit ·~ l· ..._ 
4. Test & Check out with ;:' () L LSI 11/23 
t .. 
0 Task Start ~ Task Duration ~ Task End or Major Milestone , 
BURIED PIPE DETECTION - PROJECT A-3065 
Months After Contract Award 
TASKS 
Total 
F H A H J J A s Cost 
Task VI - Tri-Static Radar 0 i. 28396 
System Integration c~~~ 
1. System Hechanical 
Integration C'r-6 
2. System Electrical Tests 0). 
3. System Tests 
0-1_ Task VII - Tri-Static Radar -L~. 68107 
System Field Test o---1 
1. Test Site Preparation ."'""" 
2. System Test 
_f 
o- / 3. Data Collection & Analysis L 
;!, 
Q Task Start ~ Task Duration ~ Task End or Major Milestone 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
9 June 1982 
Mr. 8 i jan Amini 
Senior Vice President 
Gulf Interstate 
1233 West Loop South 
P. 0. Box 56288 
Houston, Texas 77027 
Allanta. Georgia 30332 
,;J_ 
I 
Subject: Monthly Contract Status Report No."' 11 Buried Pipe Detection .. , 
Project No. A-3065; covering the period of May 1982. 
Gentlemen: 
This monthly status report indicates the activities on the Buried Pipe Detec-
tion project for the month of May, 1982. The main activities during May 
consisted of completion of the prototype design for the single antenna system 
mounted in a pick-up truck, insertion of a preliminary 180 watt transmitter 
into that system, testing of the unit in Tucson, Arizona, initialization of 
construction of a second, single-antenna unit and continuation of the tri-
static unit construction. An expenditure tabulation for the project is 
included. 
Truck Mounted Prototype System 
All components for the pipe tracking system were mounted in the camper shell 
on the truck. Components were either firmly tied down or shock-mounted. The 
system was released for shipment to Houston on 21 May. 
Included on that system was a preliminary version of a 180 watt transmitter. 
The transmitter tested out well at the Georgia Tech facility prior to ship-
ment. As a temporary measure, batteries were installed as a power source. 
Standard power supplies will be installed in the near future. 
Single Antenna Pipe Tracking System #2 
Construction of a second signal conditioning unit to interface with an Apple 
computer has begun. This second unit will be similar in design to the first 
but will have the capability to expand from 4 circuit boards to 9. Drawings 
have been sent to the machine shop for enclosure fabrication. Two of the 




- 2 - 9 June 1982 
After the system test at Tucson, it became apparent that there was a need.to 
add a surface track circuit. This surface tracker would make it possible to 
filter clutter in real-time. The initial design review indicates the optimum 
choice for surface tracking is a digital split-range-gate tracking system. 
The recursive clutter filter would employ an averaging technique with an 
adjustable time constant. The addition of these circuits will be a major 
hardware modification which should produce a significant improvement in system 
performance. A comprehensive circuit design has begun. 
Antenna Tuning and Fabrication 
The prototype antenna (Antenna No. 1) was de 1 i vered to the fie 1 d wi tn the 
complete system for testing. Antenna No. 2 has been tuned for both feed and 
end reflections. The feed reflection is approximately 30 dB below the 
transmitter pulse and the end reflection is approximately 27 dB below the 
transmitter pu 1 se. Fi na 1 mechan i ca 1 connections for the stiffener plate of 
the feed end of the antenna and connections between the resist cards and the 
antenna end are being completed. The antenna should be completed, including 
the application of fiberglass coating by 15 June. 
Emphasis has been shifted from completing the third, 12-foot long antenna to 
finishing construction of an 8-foot antenna. It is expected that tuning of 
the 8-foot antenna will be completed during the month of June and the complete 
fiberglassed antenna should be ready by mid-July. 
Tri-Static System 
Mechanical construction of the Data Acquisition Module, including enclosure 
modification, rear access panel fabrication, and front panel engraving, has 
been camp 1 eted. The front pane 1, back p 1 ane, and ana 1 og board have been 
partially wired. The camp 1 et ion of Dig ita 1 Board No. 2 and check aut of the 
entire unit have been de 1 ayed to a 11 ow personne 1 to bu i 1 d a rep 1 i ca of the 
signal conditioning unit that has been delivered. 
The Tri-Static Control unit digital board has been designed, built, tested and 
is fully operational. This circuit will multiplex the transmit signal to one 
of three transmitters and choose the correct receiver channel as directed by 
front panel or computer control. It will also generate the real-time gain 
control signal for the Georgia Tech receiver, and is able to change the gain 
in one sec steps from 25 to 280 sec. 
Considerable progress has been made in the area of software design since the 
last report. Several important details previously in question have been 
resolved. The top level software hirerachy is completed and the lower levels 
Progress Report 
A-3065 
- 3 - 9 June 1982 
presently are being developed in detail. Specifically, a pipe and a surface 
tracking a 1 gori thm have been defined as we 11 as contra l and d i sp 1 ay func-
tions. Coding will begin as soon as all levels are defined. 
Respectfully, 
Willfam J. Steinway 
Project Director 
Approved: 
Charles E. Brown, 
Chief, Radar Development Division 


































ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
15 July 1982 
Mr • B i j an Ami n i 
Senior Vice President 
Gulf Interstate 
1233 West Loop South 
P. 0. Box 56288 
Houston, Texas 77027 
Atlanta. Georgia 30332 
Subject: Monthly Contract Status Report No. 3, "Buried Pipe Detection", 
Project No. A-3065; covering the period of June 1982. 
Gentlemen: 
This monthly status report indicates the activities on the Buried Pipe Detec-
tion project for the month of June 1982. The mai-n activit~es during June 
consisted of the development of 80 and 120 megahertz transmitters, completion 
and delivery of an acoustic ranging device, fabrication and testing of an 
eight foot antenna, and fabrication of a second signal conditioning unit. 
Transmitter Development 
Deve 1 opment of two new transmitters was assigned a high priority during the 
reporting period. A lower frequency transmitter than 300 megahertz was needed 
to increase depth of signal penetration into the ground. An 80 megahertz 
transmitter was built prior to developing the 120 megahertz transmitter. 
Testing of the 120 megahertz transmitter indicates a pipe buried at a depth of 
9 feet can be detected in extremely wet clay soil. This sensitivity was not 
achieved with any previous system configuration. 
The present power supplies for the transmitter wi 11 have to be replaced be-
cause of intolerable noise levels. Measurements will be completed using 
batteries. 
Acoustic Ranging Device 
An acoustic ranging device was developed and fabricated for applications such 
as oil tank capacity measurements. The device operates at 40 kilohertz with a 
measured maximum range of 200 inches and display resolution of 0.1 inches. A 
six inch square box houses the unit which features LED readout displays that 
update automatically. 
AN EQUAL EMPLOYMENT EOUCATION OPPO~TUNITY INSTI fUTION 
Progress Report 
A-3065 
- 2 - 15 July 1982 
Improvements such as a directive transducer will be investigated. A larger 
transducer could reduce the beamwidth from 30 degress to 5 degress which would 
produce a 13 dB improvement in signal to noise ratio. 
Antenna Tuning and Fabrication 
The eight foot antenna (antenna No.3) is ready for final checkout before 
applying the fiberglass. Feed and tip reflections have been tuned to better 
than 30 dB reflection coefficient. The stiffener plate and modified SMA 
connector were attached and the styrofoam form is completed. 
Single Antenna Pipe Tracking System #2 
Mechanical construction of a second signal conditioning unit to interface with 
an Apple computer has been completed. This second unit will have surface 
track capability and a real-time clutter filter. The final design of the unit 
includes six circuit boards of wh·ich five have been wired. Testing,and trou-
bleshooting of the digital circuits has begun. 
Truck Mounted System 
Steel angle supports have been attached to the truck for support of an air 
conditioner and generator which have been ordered. A new antenna mount has 
been constructed with fiberglass members. 
Respectfu_} ly, 




Charles E. Brown, 
- ~ 
Chief, Radar Development Division 
Radar & Instrumentation Laboratory 
WJS:mh 
ENGINEERING EXPERil'vlENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
12 August 1982 
Mr. B i jan Amini 
Senior Vice President 
Gulf Interstate 
1233 West Loop South 
P. 0. Box 56288 
Houston, Texas 77027 
Atlanta, Georgia 30332 
Subject: Monthly Contract Status Report No. 4, 11 Buried Pipe Detection .. , 
Project A-3065; covering the period of July 1982. 
Gentlemen: 
This monthly status report indicates the activities on the Buried Pipe 
Detection project for the month of July, 1982. The main activities 
during July consisted of the testing of the new 120 MHz transmitter, 
continuation of fabrication of the second signal conditioning unit, 
extensive measurements of the comp 1 eted truck mounted system with Gu 1 f 
Interstate personnel and a visit by C. T. Wells, President, and B. K. 
Amini, Senior Vice President of Gulf Interstate, for a project review. 
Signal Conditioning Unit 
Testing and trouble-shooting of four of the six circuit boards for the 
unit has been completed. The front panel wiring has been done and 
tested. The unit currently has the capability to digitize and format 
data and communicate with the APPLE computer. 
Extensive Testing and Measurements 
Transmitter/power supply noise problems have been minimized by extensive 
fi 1 teri ng. The testing of the 120 MHz transmitter revea 1 ed that an 
excellent match is made to the GSSI 120 MHz antenna by using the Georgia 
Tech Balun. 
Page 2 -
Status Report No. 4 for 
period of July, 1982 
Measurements indicated that pipes buried at a depth of 9.5 feet can be 
seen consistently in wet clay soil with the GSSI antenna configura-
tion. In addition, the GSSI antenna can be raised up to 18" off the 
ground with only a small signal degradation. 
Respectfully sub~itted, 
.,......... ;"'"'\. ll 
W i 11 i am J . <Ske i nw ay 
Project Director 
Approved: 
L/ (.___ / y v PVV ----
c. E. Brown, Chief 
Develoqment Division 
Radar ~ Instrumentation 
Laboratory 
WJS :mh -
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
01 September 1982 
Mr. Bij an Amini 
Senior Vice President 
Gulf Interstate 
1233 West Loop South 
P.O. Box 56288 
Houston, Texas 77027 
Atlanta, Georgia 30332 
Subject: Monthly Contract Status Report No. 5, 118uried Pipe Detection". 
Project A-3065, covering the period of August 1982. 
Gentlemen: 
This monthly status report covers the period from August 1 to August 31, 
1982. The primary activities during the month included building of spare 
300 MHz~ and _120 MHz transmitters;-!.lemonstr.at.tons_...DL-the-1-GHz~sb.ort~,pul se-,__ ~ 
radar in Houston, and cutting back of the program effort to minimum level. 
Program Cutback 
In order to allow Gulf Interstate to assess the market for the 300 MHz/120 
MHz radar, the program for constructing the second and third radar units 
has been temporarily suspended. As per sponsor request, only work sup-
porting the building of transmitter spares and demonstration of the 1 GHz 
radar continued. These tasks were accomplished and work was totally sus-
pended as of August 31.· 
Transmitter Spares 
Transmitter spares were constructed for both 120 MHz and 300 MHz frequenc-
ies. Initial tests were conducted in Houston on 19 August and adjustments 
were necessary. The modifications were completed and transmitters shipped 
by August 31. 
AN EQUAL EMPLOYMENT 'EDUCATION OPPOI=ITUNITV INSTITUTION 
Page 2 -
Status Report No. 5 for 
period of August 1982 (continued) 
1 GHz Radar Demonstration 
The 1 GHz short pulse radar, owned by Georgi a Tech was demonstrated in 
Houston on August 20. Measurements of concrete pavement thickness were 
made successfully. The unit was left in Houston pending further demon-






row , Chief 
Development Di ision 
\ 
Radar and Instrumentation Laboratory 
ENGINEERING EXPERIMENT STATION 
Georgia Institute of Technology 
A Unit of the University System of Georgia 
30 September 1982 
Mr. Bijan Amini 
Senior Vice President 
Gulf Interstate 
1233 West Loop South 
P.O. Box 56288 
Houston, Texas 77027 
Atlanta. Georgia 30332 
Subject: Monthly Contract Status Report No. 6, 11 Buried Pipe Detection ... 
Project A-3065, covering the period of September 1982. 
Gentlemen: 
This monthly status report covers the period from September 1 through 
September 30, 1982. 
In order to allow Gulf Interstate to assess the market for the 300 MHz-
120 MHz radar, the program for constructing the second and third radar 
units has been temporarily suspended by sponsor request. A small amount 
of paper work and shipping of equipment to Houston were the only activi-
ties. 
Respectfully submitted, 




cJ~es E. BrOwn, Chief 
Development Division 
Radar and Instrumentation Laboratory 
WJS:mh 
AN EQUAL EMPLOYMENT EOUCA fiON OPi:>ORTUNITY INST' fUTION 
